Introduction
This paper explores the benefits of design thinking training to enhance doctoral student problemsolving ability, creative confidence, and emotional well-being. While the primary goal of doctoral education is to train students to conduct innovative, creative research and scholarship (Bargar & Duncan, 1982; Halse & Mowbray, 2011; Jones, 2013; Lovitts, 2008) , creativity is rarely taught explicitly (Bargar & Duncan, 1982; Lovitts, 2005) . Moreover, learning to conduct original research is often lonely, frustrating, and difficult (Gardner, 2008; Kearns, Gardiner, & Marshall, 2008; Lovitts, 2005 Lovitts, , 2008 .
The research team's experience as teachers and graduate students echoed this reality. We observed students grappling with the complexities of carrying out original research. Some students struggled with developing innovative yet testable research questions; others had trouble with logistical necessities like managing their time. Students felt that the available classes and texts on research design did not address these challenges, leading the students to feel stuck. This situation prompted us to create a curriculum to provide doctoral students with tools to address the varied challenges that arise while carrying out research and earning a doctoral degree.
We developed a curriculum applying design thinking, a flexible and repeatable process for conceptualizing and solving applied problems (Lindberg, Noweski, & Meinel, 2010; Plattner, Meinel, & Leifer, 2011; Rauth, Köppen, Jobst, & Meinel, 2010) , to address the problems faced by research students. We taught thirteen workshops for Stanford University graduate students, postdoctoral scholars, research staff, and faculty between March 2010 and September 2013. In this paper, we reflect on our observation of the workshops, student debriefs, and a pre-post survey of participants to build theoretical and practical understanding of how design thinking can be applied to doctoral education. This project is grounded in design-based research, a learning sciences approach in which the researcher creates an educational intervention and concurrently teaches and assesses the intervention in a "design experiment" (Anderson & Shattuck, 2012; Brown, 1992) . After developing curriculum for an intervention, the researcher/educator gathers real-time, mixedmethods data of their students during the curriculum and after it is taught. These observational and reflective data serve to inform future iterations of the curriculum and build theoretical and practical understanding of what worked and what did not.
In teaching the Research as Design workshops, we set out to provide a practical set of tools to help students move beyond feeling stuck and increase their creative confidence in conducting original research. However, we discovered that the workshops addressed other needs of graduate students, most notably emotional support and a team of peers who could non-judgmentally empathize with their experience (Jairam & Kahl, 2012) . This paper explores the multifaceted changes workshop participants report in their approach to research and life, including the adoption of mindsets that allowed students to be more comfortable with uncertainty, vulnerability, and failure; increased feelings of creativity and productivity; and the appreciation of a supportive atmosphere.
The paper begins with review of the literatures on creativity in scholarly research, the doctoral student transition from student to researcher, and design thinking as a tool to develop creative confidence. We then introduce an overview of our research approach, the workshop intervention, data and analysis methods, followed by a discussion of our findings. We conclude with implications for research and practice.
The Value of Creativity in Scientific and Scholarly Research
Scholarly research happens in a messy, nonlinear process. An example of ill-defined problemsolving (Voss & Post, 1988) , research requires the scholar to define a problem that is only partially known in advance, and the scholar does not know whether an answer exists to the chosen problem until that answer is found. In increasingly specialized subfields of scholarship, a researcher may literally be the world's expert on her topic, with no one else to turn to when she encounters a dead end. Thus, research is not a well-structured problem-solving task, but a creative problemfinding and problem-crafting task (Schön, 1983) .
In recent years, the complex, creative aspects of research have been amplified as many simpler problems have been solved. Gibbons et al. (1994) describe the extent of the resulting changes in science: "not only is the average number of authors per paper increasing, but much more significantly, so are the diversity of specialties and disciplines involved in the writing of a single paper and the range of institutions and organizations from which the authors originate. In addition, the geographical distribution of these institutions continues to broaden" (p. 34). The increasing interest in and focus on applied research adds additional complexity. As projects aim to influence policy or solve real-world problems, tensions arise between the demands of building theory and influencing practice.
Given the complex, ill-defined nature of conducting research, creativity is considered to be tightly linked to the innovation and impact of research (Anders, Elvidge, & Walsh, 2009; Cravens, Ulibarri, Cornelius, Royalty, & Nabergoj, 2014) . Creativity is the production of unpredictable novelty and practical ideas based on it (Amabile, 1996; Runco & Albert, 2010; Sternberg & Lubart, 1999) ; in science, creativity focuses is on the originality and usefulness of knowledge (Heinze, Shapira, Rogers, & Senker, 2009; Hollingsworth, 2012; Simonton, 2004) . Behavioral traits of creative individuals include high levels of curiosity, motivation, tolerance for risk and ambiguity, and willingness to overcome failure (Sternberg, O'Hara, & Lubart, 1997; Weinert, 2000) , characteristics that make them highly self-efficacious (Bandura, 1994) . .
Graduate School and the Transition from Student to Researcher
While creativity is a valuable asset for productive, innovative researchers, learning how to become an innovative researcher is challenging. As Lovitts (2005) observed, creativity is rarely taught: "Despite the apparent importance of creativity in graduate education, it is typically assumed that creativity is idiosyncratic and that advisers can do little to help their students develop into creative scholars" (p. 141). This means many students have to discern creativity's value by themselves and cultivate it in their research with little explicit guidance.
While earning a doctorate degree, students gradually transition from taking courses with a professor grading their performance to producing an original dissertation project and launching their careers as independent scholars (Grover, 2007) . This transition is often a challenging one (Gardner, 2008; Lovitts, 2005 Lovitts, , 2008 Spaulding & Rockinson-Szapkiw, 2012) . As compared to successfully completing problem sets, term papers, or course exams, conducting original scholarship is a messy, inconclusive process that requires not only more sophisticated analytic thinking, but creativity, tolerance for ambiguity and not knowing the right answer, and conscious management of one's own research process (Lovitts, 2008) . Moreover, doctoral students face increasing pressures to publish and produce at a high rate (Jones, 2013) .
These difficulties can lead to relatively high attrition rates from doctoral programs (Bourke, Holbrook, Lovat, & Farley, 2004) . The combination of feeling isolated (Ali & Kohun, 2006 , 2007 and pressure to produce rigorous, innovative work creates a difficult social dynamicstudents are lonely but too busy or stressed to form meaningful friendships or a supportive social structure. At the extreme, the emotional and mental pressures of earning a doctoral degree can lead to depression, suicide, and even murder (Hall, 1998; Lovitts, 2005) . On a lighter note, the sheer number of blogs and comic strips discussing or satirizing the PhD experience (such as http://xkcd.com/ , http://phdcomics.com/ , and http://whatshouldwecallgradschool.tumblr.com/ ) highlight the confusion, loneliness, and emotional toil encountered by emerging researchers. Meanwhile, there is relatively sparse research on the emotional well-being of graduate students (Hyun, Quinn, Madon, & Lustig, 2006) .
Despite the emotional and intellectual challenges of graduate school, some students make the transition to researcher relatively easily. Students with a fixed view of intelligence, who view graduate school as a series of tasks that require performance and proving their abilities, might have been successful in the coursework phase of a graduate degree. However, it is those displaying what Dweck and colleagues (Blackwell, Trzesniewski, & Dweck, 2007; Dweck, 2006) term a growth mindset and Watkins (2010) terms a learning orientation-students viewing graduate school as a process of continually making mistakes that increase one's ability to perform better in the future-who are most likely to successfully make the transition to become independent scholars. In focus groups with high-producing PhD advisors, Lovitts (2008) found that displaying certain characteristics of six factors-intelligence, knowledge, thinking styles, personality, motivation, and environment-enabled students to successfully bridge the challenging transition and become innovative researchers. Some of these characteristics, such as analytical intelligence, use of formal knowledge, and motivation, are useful in both the purely student phase and in conducting research. However, students who make the transition with ease are not just good analytical thinkers, but show creative and practical intelligence, use informal and tacit knowledge in addition to formal knowledge, and are better able to deal with failure (Lovitts, 2008) .
Developing Creative Confidence
Many of the characteristics of successful PhD students (Lovitts, 2005 (Lovitts, , 2008 and the behavioral traits of creative researchers (Cravens et al., 2014) overlap. From a process standpoint, successful PhD candidates and innovative researchers seek early feedback on their ideas, generate numerous potential research questions, and have concrete methods to identify which questions to pursue. Their mental outlooks allow them to tolerate and even embrace uncertainty, view failure as a learning opportunity, and be confident that a seemingly-disorderly process will yield results. These characteristics reflect a quality called creative confidence: "Having the freedom and courage to fail/take creative risks and the knowledge that all of the ideas you create have value" (Grossman-Kahn, 2011; see also Kelley & Kelley, 2013) . Creative confidence ties strongly to self-efficacy, "people's beliefs about their capabilities to produce designated levels of performance that exercise influence over events that affect their lives" (Bandura, 1994) . If individuals know that they have the tools to creatively solve problems and view failure as a source of new skills while maintaining their efficacious attitude, logic follows that they are more likely to both succeed in solving problems and in producing more innovative ideas. Therefore, if we could instill creative confidence in graduate students, they would be more likely to succeed as doctoral students and as creative researchers throughout their career.
Design thinking is a set of mindsets and techniques for solving ill-defined, real-life problems (Rauth et al., 2010) while nurturing and encouraging creative confidence (Kelley & Kelley, 2013; Lindberg et al., 2010; Seelig, 2012) . Design thinking fits naturally into design domains like architecture and product design, but can provide value to any process requiring creativity and innovation as it delivers a flexible, repeatable methodology for generating ideas and finding solutions. As such, design thinking has historically been taught in design schools, but has been increasingly adapted for non-designers (Johansson & Woodilla, 2008) . Institutes like the Hasso Plattner Institute of Design (d.school) at Stanford University teach design thinking for a wide range of realworld problems (Dunne & Martin, 2006; Plattner et al., 2011) . The framework has been applied in management education (Zupan, Svetina Nabergoj, Stritar, & Drnovšek, 2013) , information and communications technology (Lindberg, Meinel, & Wagner, 2011 ), medicine (McDonagh & Thomas, 2010 , social entrepreneurship (Cohen, 2012) , and K-12 education (Carroll et al., 2010) .
Despite this spread, there has, to date, been limited application of design thinking in the context of scientific or scholarly research. The basic process of innovative thinking is the same in science, the arts or business (Beveridge, 1980; Sawyer, 2006; Schön, 1983) since the way to a solution is not known beforehand and is thus impossible to predict logically. David Kelley, co-founder of the Hasso Plattner Institute of Design and the global design firm IDEO, says that design thinkers "have a methodology that enables us to come up with a solution that nobody has before" (Tischler, 2009, p . 1)-exactly the need of researchers producing original scholarship. This framework formed the pedagogical foundation of our curriculum intervention for doctoral students.
Methodology

Design-Based Research Approach
This paper leverages a design-based research (DBR) approach, which uses the iterative design and implementation of educational materials as the basis for research. DBR has an explanatory and advisory aim as it provides theoretical insights into how a particular teaching and learning approach can be promoted (Bakker & Van Eerde, in press) . As a curriculum is developed, researchers identify variables behind the curriculum's impact on students, relating those variables to existing theories and seeking to understand how the curriculum can evolve into a more powerful learning experience. Importantly, a DBR researcher holds that the key variables are continually being explored, never fixed, and that they depend heavily on the context of that specific curricular intervention (Collins, Joseph, & Bielaczyc, 2004) . In contrast to a randomized control trial, DBR's causal evidence is drawn from within the case, not from comparison to a control group. DBR allows the researcher to understand why a particular intervention worked as it did, gathering data and refining curriculum in real time, with all of the complexities of a real classroom and teacher (Bakker & Van Eerde, in press ). However, the findings from DBR may be limited to that particular setting, and are thus primarily useful for exploratory work, as was the case in this project, which sought to explore if design thinking could be a useful tool for doctoral students. Wang and Hannafin (2005) argue that DBR should be iterative, pragmatic, grounded, integrative, and contextual. Our Research as Design workshops thus use an emergent curriculum that is continually iterated based on observations and learning from previous versions. The workshops are pragmatic and grounded because our pedagogy draws on existing design thinking work to create new student practices. The work is highly contextualized, as participants' individual experiences as researchers are the basis for many of the exercises. Finally, Research as Design is integrative because it relies on mixed methodologies including observations, surveys, student materials, and debriefs. These various data, collected throughout the curriculum design and implementation, form our understanding of the curriculum's impact and help us suggest design frameworks and theories (Edelson, 2002) for others to use.
Workshop Intervention
Our workshop is modified from the basic design-thinking curriculum taught by the Hasso Plattner Institute of Design at Stanford University (Stanford, CA, USA), with emphasis on the techniques our team has found to be most useful for researchers. Following experiential learning theory (Kolb, 1984; Kolb, Boyatzis, & Mainemelis, 2000) , we use an action-based, experiential workshop. Lecturing is kept to a minimum, and students learn via activities and exploration paired with coaching from the teaching team. The minimization of lecturing is also intended to force participants out of their normally analytical, deliberate mode of being and into an experimental, creative, and playful approach. This shift allows participants to see challenges they are facing in a new light and be freer in developing potential solutions.
Figure 1: The Design Thinking Innovation Process
Adapted from Hasso Plattner Institute of Design at Stanford (2010) The basic practice of design thinking is the design thinking innovation process, which is often represented by five distinct stages ( Figure 1 ). Following this cycle, our workshops start with empathize, where we introduce techniques for students to investigate the nature of a problem and the underlying emotions or needs influencing it through interviewing or self-observation. Second, in define, we help them identify the core of the problem-which may not be immediately obviousand then reframe the problem so that it is a concrete, tractable statement. Third, in ideate, students brainstorm possible solutions to the problem that they have identified. Finally, in prototype and test, the students create a physical representation of their selected idea and test a rough version of a solution for one or more of their ideas.
Throughout the workshop, students work in multi-disciplinary teams. Teamwork provides multiple perspectives on a problem and adds a sense of detachment, which is particularly important when dealing with something as dear-to-heart as one's dissertation research. We also invite former participants to coach, providing both extra teaching staff to assist new participants and a repeated experience for students who want additional exposure to the mindsets and techniques.
We have developed the curriculum iteratively, incorporating the teaching team's observations and student feedback gathered during structured debriefs. For instance, we observed that students were finding value in the techniques we taught, but that they didn't feel they had the confidence to use them without intensive coaching. Further, they had trouble detaching themselves enough from their own personal research challenges to problem-solve effectively. To address these needs, we created a four-day, extended version of the curriculum to replace the previous day-long versions. In this extended version, students practice the design-thinking cycle four times and have time between each session to apply techniques and test solutions in the real context where they will be used. To warm students up to the creativity and open-mindedness needed for design, we begin with a pre-framed challenge, such as, "How might a busy researcher make time for fruitful, spontaneous interactions?" Then, once they have a little experience with a design cycle and have started to embody some of the playfulness needed for creativity, we repeat the design process with successively individualized prompts, consciously scaffolding for their level of expertise (Ambrose, Bridges, DiPietro, Lovett, & Norman, 2010) . After the predefined, anonymous prompt, students work in teams around a shared, jointly-identified problem, and then solve individually-defined problems (but with extensive coaching and interpersonal feedback).
Participants
We taught thirteen workshops between 2011 and 2013, including two iterations of the four-day workshop in May and September 2013. In this paper, we treat the extended versions as our primary source of information and note whenever data are from earlier workshops.
Potential participants were invited by emails announcing the workshop sent to a mix of departmental and interdepartmental mailing lists on campus. A number of participants were also invited through word-of-mouth, as we encouraged former participants to invite colleagues they thought would benefit from the workshop. Prospective students completed an application detailing why they wanted to participate and what challenges they were currently facing in their research; participants were then admitted to the workshop on a first-come, first-served basis. The workshops attract a diverse student body and are in consistently high demand. The courses generally fill quickly (within a week of opening registration), and we always have a wait-list.
In all thirteen workshops, we have had approximately 240 participants, spread between early-, middle-, and late-stage doctoral students, as well as a few masters students, postdoctoral scholars, faculty members, and research and administrative staff. In this paper, we focus only on the graduate student experience, as other groups lack sufficient numbers to generalize about their experience.
Participants came from a broad array of disciplinary and interdisciplinary backgrounds, representing every school on the Stanford campus (Table 1) . Approximately one-quarter of participants had some previous experience with design thinking.
While our participants are fairly representative of the disciplinary background and level of expe- (2014) rience of the Stanford graduate student body as a whole, they are importantly self-selected. Students who opt to participate in an extracurricular learning activity like the workshop may be motivated differently than their peers in ways that affect our results. First, our participants may have faced more extreme challenges in their research, thus prompting the desire to participate in the workshop; this would indicate that our observations about the need for emotional support might be more extreme in participants relative to their peers. Second, those who chose to participate may have more desire for self-improvement or greater openness to new approaches, and therefore would be more willing to actually adopt new mindsets and practices relative to their nonparticipating peers.
Data Collection and Analysis
Data informing this reflection stem from several sources (Figure 2 ).
Figure 2: Data Sources and Collection Process
As called for by the DBR paradigm, our lived experience as educators/researchers is the main data informing this study. We captured these ethnographic data in a variety of formats. At each workshop, we photographed and video recorded participants and their solutions, and collected workshop materials (copies of worksheets, brainstorms, and other drawn and written work) to see how students applied our coaching to their individual problems. We also wrote real-time observations of particularly interesting outcomes, ideas for future workshops, or places where students appeared to be struggling. All of this ethnographic material informs our findings as a reminder of the lived experience.
Other data sources include student applications to the workshop; an incoming participant survey capturing student approaches to problem-solving, reflection, feedback, and creativity; student debriefs conducted at the close of each workshop; and a follow-up survey of participants conducted after the workshop.
In their applications to the workshop, students were asked why they wanted to participate, what background they had with research and design thinking, and what challenges they were currently facing in their research.
Participants completed an anonymous pre-survey at the start of the first session, with questions exploring how they approach problems faced in their research, how frequently they reflect on their research process, and on their relationship with their advisor.
Student debriefs serve as a particularly important source of immediate reactions to and reflections on the workshop. At the close of each workshop, we conducted a debrief session. We asked students to reflect on what similarities and differences they observed between the ways they usually approach problems in their research and their experience during the workshop. We then used a debrief format common to design thinking, called "I like, I wish, what if." It asks students to share components of the workshop that they liked or that worked well; to reflect on things that they wished had been available or were done differently; and to envision possibilities using "what if…" statements. Debriefs were transcribed by one of the team members. Debriefs were transcribed anonymously unless a statement was made by a member of the teaching team, so we cannot trace statements to any particular types of students (such as academic discipline or stage of training).
A follow-up survey was administered roughly two months after each extended workshop. The survey was conducted online using Qualtrics; all responses are anonymous. The follow-up survey began with the research process questions from the pre-survey. Other questions explored how frequently students used the various techniques taught in the workshop and why they used them, level of confidence using each technique, and overall reflections on the RAD workshop and its value, as well as some basic demographics relating to their field of study and level of education. Most survey questions were free response; several questions (as reported in the findings section) were multiple-choice or Likert scale. Follow-up surveys were sent to all 48 extended-workshop participants, and we received 27 complete responses for a response rate of 56.3%.
For questions involving quantitative analysis, survey data were cleaned and then imported into SPSS statistics package version 21. Descriptive and comparative statistics were explored. Specific tests are shared in the findings section. The debrief transcriptions and open-response survey questions were coded using NVivo qualitative analysis software version 10. Following a grounded theory (Glaser & Strauss, 1967) approach, debriefs were initially open-coded, and then codes were grouped into emergent categories to capture participant experiences. Some themes reflect particular mindsets and techniques derived from design thinking; others incorporate more freeform evaluations of the workshop experience.
We are working with self-reported data (the debriefs and surveys) as our primary source of information, in combination with our team's observations of the workshops. While reported data is subjective, we are interested in what participants valued about the workshop-their perspectives-not necessarily exact usage statistics. Likewise, we are not looking at changes in overall productivity or creativity as much as reported changes, with the understanding that what students feel-whether they considered themselves empowered by the workshop-is as at least as important as whether they actually became more productive on some objective measure. Moreover, confidence and self-efficacy (Bandura, 1994) are close predictors of actual behavior change, so we can safely assume that changes in reported confidence are associated with behavioral changes. Table 2 summarizes major findings from the analysis of qualitative data. The subsections below describe these findings in greater detail.
Findings
Participants Feel the Workshop Induces Creativity, Productivity, and Confidence
Participants feel the workshop led them to be more productive, creative, and confident in their research, all key components of creative confidence (Kelley & Kelley, 2013) .
Regarding productivity, multiple participants noticed significant changes in their ability to solve problems they'd attempted to address previously. As several students reflected, "Today felt more productive (even though I normally think a lot about these same problems)-probably because I was forced to think in a more focused way" and "This makes me work more efficiently, I analyzed these problems before but very slow and limited ideas." One participant proclaimed: "if we approach[ed] research this way, [we] could be much more productive."
Students also felt that the workshop sparked their creative juices. One participant was presently surprised at the "amount of creativity": "I think I was curious and interested and walking in and there's no wall…blocks like legos…a little bit floofy…we play with stickers and pipe cleaners…[but] the amount of creativity we produced and I produced [was] much more powerful than I expected." Other participants found the workshop "freeing. I came up with new ideas I would not have usually come up with."
Some participants also reported increased confidence. A 1 st -year natural scientist found that the most valuable takeaway was, "confidence in overcoming the problem [he] had at the time." A 2 ndyear scientist would recommend the workshop to colleagues by "tell [ing] them that the workshop can give a new perspective and set of tools for problem solving, making you more productive and feeling in control." Empowerment was especially strong for those participants who returned to coach for us-that they finally "got it" when they were able to step out of their own problem and teach the generalizable method to others.
We captured student's opinions on the workshop in a creative confidence scale, scored on a 7-point Likert scale from Strongly Disagree to Strongly Agree (3 is neutral). Descriptive statistics for these questions are reported in Table 3 . Students' answers ranged from neutral to strongly agree that the workshop improved their ability to give feedback and changed how they approach their work and research, and they unanimously agreed that the RAD workshop gave them confidence to address challenges and was fun. 
KEY OUTCOMES OF DESIGN THINKING TRAINING FOR DOCTORAL EDUCATION
Participants feel the workshop led them to be more productive, creative, and confident in their research.
Students reported that design mindsets -which include radical collaboration, bias toward action, and embracing experimentation-were useful approaches that could help them move beyond feeling stuck.
Participants felt they came away with greater respect for mindfulness and reflection about their research process.
Students found the workshop atmosphere emotionally empowering and a safe space to be vulnerable, and contrasted it to the normal way things are done in their research lives.
Students Found the Design Mindsets Refreshing and Useful
Through repetitively experiencing and applying the design thinking innovation process, students are exposed to a series of mindsets cultivated by design thinkers, which include radical collaboration, bias toward action, embrace experimentation, and mindfulness of process (for a full list, see Hasso Plattner Institute of Design at Stanford, 2010). In the workshop, students resonated with these mindsets and alluded specifically to them in debriefs and the survey. Importantly, the curriculum does not explicitly teach these mindsets; instead, through familiarity with the specific tools and the design process, paired with instructors actively modeling the mindsets, students gradually adopt the design-thinking mindsets. The mindsets describe a designer's mental attitude and orientation toward approaching problems (Hassi & Laakso, 2011) . As Rauth et al. (2010, p. 6) note, "mindsets can be seen as the establishment of a bias towards creative behavior in situations where students are facing situations in which they are uncertain or problems where there is no solution at hand."
Radical collaboration is the intentional creation of diverse teams to help solve problems. Working through research and personal problems with a team was new for many participants, particularly a multidisciplinary team that might know nothing about their disciplinary domain. Many participants found the experience refreshing: "I think I thought group work was super inefficient…but this work really killed that idea." They found that it added "enthusiasm… alone I hit a bump, and slow down, but [working] in a group with fast pace keeps me going." Other participants reported liking the "Diversity of [the] group, [and the] chance to see how other people think and work."
Overall, students appreciated the chance to work with a team during the workshop, finding it both different than their usual approach and useful. In the survey, multiple participants reported seeking to recreate that team dynamic after the workshop, particularly for feedback. An engineer wrote, "One of the things I do more often and which I find more helpful than most of the others is to pull aside a colleague and ask them to help me solve a problem, which often involves sketching or writing stuff on the whiteboard, and of course, conversation." Likewise, a social scientist said, "I tend Table 3 CREATIVE CONFIDENCE DESCRIPTIVE STATISTICS (N=27) QUESTION 
MEDIAN MEAN
The RAD workshop made me feel more confident about facing challenges that arise in conducting research. 6 5.67
The RAD workshop was fun. 6 6.26
The RAD workshop changed the way I view my research 6 5.52
The RAD workshop gave me tools to use when I get stuck. 6 5.74
The RAD workshop changed the way I approach my work. 5 5.37
The RAD workshop improved my ability to give feedback on colleagues' research content.
The RAD workshop improved my ability to give feedback on colleagues' research process.
5.33
to work solo and after the workshop am striving to be more collaborative in the design phase." Another social scientist really liked "the focus on using this process on myself and my team. I can see that people really benefit from interacting with others from differing perspectives when planning research; I know I did." It is important to note, however, that this sentiment was not universal; some participants wanted more practice working alone with the techniques since that's how most research plays out.
Bias toward action refers to an inclination toward "action-oriented behavior, rather than discussion based work" (Crandall, 2010) . As research students, participants came to the workshop with the tendency to think about, not act on, problems. When asked about how they approached being stuck in the pre-survey, the majority wrote about thinking ("Take a step back and think about it"), reading ("Look for additional literature related to my research topic"), or just taking a break ("Work on something else"). In the workshop, students appreciated "being reminded of value of doing rather than spending weeks thinking." One 2 nd -year natural scientist found the newfound bias toward action valuable for feeling like she was making progress: "It's time to get out of your head. You know the saying 'see the ball, be the ball?' Well, this class is 'see the research, be the research!' The class will help you take those feelings of dread or panic and channel them into productive efforts to get you moving again."
For others, an action as simple as reaching out could make a big difference: "It's important to ask for feedback…others are busy…but better to ask instead of being stuck for weeks."
Embrace experimentation is the mindset of failing early and often to facilitate quick, iterative learning and feedback. In the pre-surveys, many students reported striving for perfection before sharing anything, for fear that their ideas (and by extension, they) would be rejected. As one participant reported, "We're not allowed to fail so often in research." However, after the workshop, students found it useful to seek feedback on their ideas earlier, before they had invested a lot of time and effort. For instance, a social science student wrote how his problem solving process had changed: "Basically [I] ask more people/ research center for feedback on my research, dare to present, etc… We just need to look for opportunities around us and accept to be confronted to new questions, suggestions and criticisms." As an engineer wrote, "I have also learned to send stuff faster to my advisor -as in here is the beta I know it sucks but please provide feedback anyway." Students appreciated the reminder "that uncertainty and ambiguity is ok; even if you don't get it, plough through," demonstrating a wonderfully experimental mindset. (As a quick caveat, according to our pre-post survey, there is not a statistically significant change in how early students report seeking feedback on various research-related challenges, perhaps suggesting the shift is less a behavior than an attitude shift, or that they are feeling more empowered and less anxious about feedback when they do seek it.) For our participants, an important component of learning to embrace experimentation was learning to be detached from any particular outcome. Participants found this particularly challenging, because "research is your baby" and so they felt that the outcome really mattered for their reputation and career. However, they reported that learning to detach more was freeing. As one participant described, "I was less attached to the outcome [of the process] today. I came in interested in the process, so it let me start from the beginning and see how useful it is…[Using a] beginner's mindset… I can make it an opportunity instead of something awful."
In the workshop, one concrete way we helped students create detachment was to require the deliberate generation of multiple (3-5) options at every phase of the design process, which reduces attachment to any single question or solution (Dow et al., 2010) . Participants particularly liked this technique. As an education student reported, "I ask people to help me brainstorm more and I am not as attached to the first ideas. I do not call them 'mine'; that way I can let go of them more easily."
Participants Learned to Be Mindful of Their Research Process
The final mindset, mindfulness of process, we feel is important enough to merit its own section. Through the workshop, students learned to be reflective about their research and problem-solving process as well as those of others. For some, this was a novel concept: they liked "the process of seeing my research as thought process that could be improved and that the way I work can be changed," "the awareness that there's a way to [problem solve] systematically," and "that it's very structured, you set intermediate goals and deliverables instead of [the] target of publishing a paper." In the long term, a 3 rd -year engineering student carried away "the idea that design thinking (especially in the early exploratory stages) actually allows the subsequent 'problem solving' steps to be more structured and focused. It is worth investing in the time and effort early to avoid wasting time later." Describing her approach to being stuck after the workshop, a natural scientist wrote, "I try to pinpoint exactly where in the process the problem lies, and then taking that as a starting point, I explore alternatives." A 5 th -year engineer reported, "Knowing when to use synthesis vs. analysis [is a] great idea/skill!," a key component of knowing where in the process one is.
Part of mindfulness of process is learning the importance of taking time to reflect on what to do next, what's working or not working, etc. Participants found this difficult in the culture of academia: "I don't often take the time to think about problems-you keep moving to meet deadlines." One engineering participant wrote a thank you email emphasizing that he appreciated that reminder: "we as researchers too often just put our heads down and go go go without taking the time to reflect on the process, and the course you've put together really goes a long way to providing a useful set of… tools." Once again, there was not a statistically significant change in how frequently participants say they reflect on their research process in the pre-post survey, suggesting an attitude but not necessarily a behavioral shift.
Participants Appreciate the Intellectual and Emotional Difference in Atmosphere from Their Day-To-Day Research Environment
In debriefs and the survey, participants strongly appreciated the difference in atmosphere created by the workshop to that of their normal working environment. Participants report that graduate school can be isolating, that the feedback they receive is often critical and not always inspiring, and that getting stuck can induce a feeling of paralysis. As a 2 nd -year humanities student wrote in the pre-survey, when stuck his approach was to "Get overwhelmed with panic… I feel overwhelmed by the entire task and not nearly focused enough."
In contrast, participants found the workshop to foster an emotionally supportive, nonjudgmental atmosphere. They liked the "safety of community" and that "everyone has had a no judgment attitude, positive space." At the workshop, "Everybody here feels safe to make mistakes; [the] facilitators made us feel so safe, I could fail and everybody was fine with that." An engineer valued being able to "understand that we are not alone with our problems and that we need to exchange with people around us about them." A 7 th -year natural scientist appreciated, "The notion that people have done a lot of hard thinking about the squishy difficulties of solving real problems; this means that when I feel like I'm stuck on my particular problem, perhaps someone knows another approach for when I get stuck. [It gives me] Hope!" As a student who had come back to coach reported to us, " [O] ne of the benefits I saw people walking away with was a renewed sense of possibility and hope…grad school can narrow you down…to get out of feeling hopeless… It's like a quick group therapy." Participants particularly liked that the teaching team was vulnerable too-that we "embodied the spirit of the process" and shared our own experiences and challenges with research and with the design process.
In a very explicit statement of the difference in atmosphere, at the workshop one student summarized, "[I] never really felt singled out…I have a supportive lab but I find when you're pitching ideas you're alone in front of people, instead of brainstorming with people."
Not Everyone Liked the Workshop or Found It Useful
While the majority of participants appreciated the workshop, the sentiment was not universal. There were a few participants who didn't accept our premise from the start and thought the workshop was too "fluffy" to have any academic merit. Beyond these systemic critiques, we received lots of constructive criticism about making our instructions clearer or ways to better scaffold student experiences. Every workshop had suggestions for improvement, and we still have a lot to learn from our current iteration.
In addition, while many people valued the workshop, some participants acknowledged that askedfor shift in ways of thinking and doing was scary. As one student shared, "the [5-Whys] exercise [asking why to find a root cause] was most difficult exercise I've done in weeks. You get stuck usually and don't think of what is the real problem…we usually try and hide…," revealing that participants had to seek a vulnerable place in order to discover what wasn't working in their process and move forward. (The need to get students to work into and past that vulnerable stage was one of the primary reasons we developed the multi-day version of the workshop, as a way of providing repeat exposure to build self-efficacy.)
Discussion
We set out to provide a curriculum that would introduce doctoral students to a repeatable process they could use to address the types of problems that arise while conducting research and completing a dissertation, thereby increasing their creative confidence. The consistency of responses in the creative confidence scale suggests that we were successful in this regard. However, the piece of the workshop that seemed the most powerful-where student responses were the most impassioned-was the emotional difference from students' day-to-day research lives, especially the attitude that whatever happens in your research, you're still a worthwhile person. In debriefs especially, students felt that the atmosphere of the workshop was beneficially different than their own or their labs' more critical approach to research challenges. Having a supportive environment gave them permission to explore without repercussions, while learning specific techniques to use in any situation made them feel more productive and creative. We explore both of these outcomes in the following sections: the "intellectual" impacts on problem solving, creativity, and productivity, and the "emotional" impacts of safety and non-judgment. We conclude that the two are inherently connected.
Building Innovative, Productive Researchers
Productivity and creativity are commonly seen as valuable traits for researchers; participants' responses suggest that the workshop improved both. Prior to the workshop, multiple students reported being paralyzed when faced by an unanticipated barrier or, at best, needing to switch tasks or take an extended break prior to revisiting the problem. The workshop provided students with tools to efficiently work through barriers, potentially leading to students' increased feeling of productivity relative to just ignoring the problem or simply thinking about it incessantly. Creativity was also improved, particularly in that students felt that they developed ideas and solutions they would not have normally found.
Here, it is important to note that we are discussing perceived changes in productivity-we have no data comparing students' work outputs to what they might have achieved absent the workshop. However, for a research student who is feeling overwhelmed by a problem or a task, the confi-dence of having a pre-defined way to focus their attention in solving that problem and thereby get to a place where they no longer feel stuck might be as important as whether they actually make more progress. By developing the confidence to learn from and harness failure and vulnerability, students become more efficacious problem solvers (Bandura, 1994) .
The Value of Treating Students as Whole Humans, Not Just Productive Researchers
Beyond the traditionally valued creativity and productivity, participants were deeply moved by the supportive environment of the workshop and often emphasized the difference from their normal experience in graduate school. In particular, students appreciated the chance to work with a team in a supportive, non-judgmental atmosphere. While critique is an important part of academic work-it is the striving for perfection and always seeking more that drives quality research-the fact that students so strongly appreciated supportive critique suggests that perhaps a different balance between constructive criticism and non-judgment is needed, particularly in the early stages of idea development. If students are anxious that any little flaw might invoke a degree of critique they are not yet prepared to encounter, rather than viewing flaws as a learning opportunity, they are more likely to be focused only on getting it "right" and protecting themselves from feeling vulnerable rather than on exploring the new options and approaches necessary for innovative work.
Students reported that the judgment and critique they fear came from both external sources (advisors, lab groups, peers) and from within themselves. This suggests that the change is needed at both an individual and organizational level: individuals have to give themselves permission to fail, just their advisors need to give them permission to fail.
It has been noted that the mental health needs of graduate students are high and that insufficient attention has been paid to their mental happiness (Hyun et al., 2006) . However, this view focuses on the negative-that poor mental health can detract from student performance. We suggest that the converse is also true: cultivation of emotional intelligence can actually increase productivity and creativity. A study of successful scholars at a top research university found that one trait shared by those doing innovative scholarship was being able to regulate their own emotions, particularly regarding uncertainty, ambiguity and unpredicted obstacles (Cravens et al., 2014) . Moreover, social support has been shown to be critical for doctoral student success (Jairam & Kahl, 2012) , particularly for women (Haynes & Bulosan, 2012) . These findings, paired with our participants' reaction to how refreshing it was to work with a team and to being vulnerable in a creative, supported manner, suggest that cultivating emotional resilience might ultimately increase the quality of scholarship produced. Universities might therefore benefit from exploring the value of fostering a positive social atmosphere that allows for supportive critique and develops students' inter-and intrapersonal emotional intelligence (Goleman, 2005; Mayer & Salovey, 1993) .
The Need to Reflect and Customize
While the design thinking curriculum is generally taught as a series of steps that innovators can use to solve problems, those specific steps are simply building blocks toward larger mindsets that design thinkers consider invaluable for creative confidence. Therefore, for an experienced designer, less attention is paid to following the cycle in a linear fashion than to reflecting where in the process one needs to move next, complemented by a constant bias toward action and experimentation. In other words, different aspects of the design process will be used to different degrees, based on the problem at hand and individual temperament. Our experience suggests that this individualized approach is especially important for researchers, given the huge variety of ways research is conducted by discipline and the very different types of problems faced by re-searchers depending on stage in the research process. While all of the techniques and mindsets were valued by a subset of participants, very few students reported applying the innovation cycle in whole when they were faced with a problem. More frequently, students took our overall approach and turned it into a "choose-your-own-adventure" exercise. Participants applied the particular techniques that resonated most with their personalities and the problems they faced. We view this as success because it implies that students had the freedom to choose what they wanted and the reflective attention to know what would work best for them.
This reality makes mindfulness of process even more important. If a student is aware of his or her current stage in the research process, it can help provide direction for problem solving in a given moment. Essentially, mindfulness of process encourages students to become ever more expert reflective practitioners (Schön, 1983 (Schön, , 1990 . For reflection to work, the student needs to take some time to notice where in the process he or she is. If students rush through life without pausing to notice and reflect on what the problem is, what they know about it, and what they might do about it, they miss many opportunities to redirect their efforts in potentially more productive or beneficial ways.
Creating time for reflection also gives the mind time to sift through options in the subconscious, without immediately picking the first idea that comes to mind. Learning to refrain from immediate critique sometimes is necessary to move beyond one's initial assumptions or automatic conclusions. Sometimes a seemingly bad or wacky idea can become a valuable gem with a little reframing, but if you self-censor, you miss that opportunity. As one student wrote, the workshop taught the value of the "idle yet focused mind"-that by relaxing a little bit one could enhance creativity. This echoes Loehle's (1990) essay on increasing creativity in research, in which he encourages students to take the time to be bored and inactive, and to daydream.
Implications for Research and Practice
This study has begun an investigation into mechanisms to build creative confidence among doctoral students in their research process. Although our study provides promising results and points to important initial future directions, we believe much more research in this area is necessary. Our workshop has been provided to a small proportion of the graduate students at Stanford University. The students who attend the workshops are self-selecting, so they might be more amenable to the sorts of mental and emotional changes we encourage than the average student. While our participants envisioned numerous ways to expand the curriculum across the campus-i.e., to lab groups or as a required section in new student orientation-additional research would be necessary to know whether expanding this specific workshop would hold value, or whether it is only the subset of students who are motivated to explore new ways to improve their research process who benefit. However, based on our team's experience, offering a design curriculum in the early years of the PhD would be optimal, before students have become entrenched in a particular way of doing research and a particular project. Repeat exposure and/or encouraging more senior students to act as coaches also seems potentially beneficial, as students get more and more fluent in the process and confident with techniques through repeat attendance and coaching.
This research suggests additional implications beyond simply replicating our curriculum. The current prevailing approach, of treating graduate students' intellectual needs separately from their emotional needs, does not appear to be creating happy, productive researchers. While the value of viewing students as whole people is understood for undergraduate students (Ambrose et al., 2010) , our experience suggests this perspective needs to be extended to doctoral students. Some campuses have begun providing opportunities for training in emotional intelligence, mindfulness practice, and other tools to manage emotional needs. However, explicitly incorporating this approach into curricula for graduate students and training for mentors-rather than keeping it as a separate, extracurricular opportunity for individuals to seek out-would allow emotional and in-tellectual abilities to develop in tandem and (our experience suggests) create more creative and productive researchers. Of course, additional research is needed to verify whether this explicit coupling of social and emotional development is useful. Anecdotal evidence from business leaders' productivity and innovation (Goleman, 2004 ; "Mindfulness in the corporate world," 2012) supports the hypothesis that it would be.
Another potential approach stemming from this research is cross-disciplinary support systems for graduate students. While lab group meetings and department brown-bags provide the opportunity for feedback and (to some extent) emotional support, students appreciated receiving feedback from peers outside their discipline. The creation of cross-campus, multi-disciplinary working groups might allow for this type of feedback.
This study suggests the importance of creative confidence for doctoral education. Through design thinking training and similar approaches that integrate emotional and intellectual needs, students can be empowered to take control of their own research process and potentially avoid the emotional difficulties doctoral students often experience. By teaching a repeatable, explicit approach to problem solving, the workshops helped students feel more control over their research process and approach inevitable difficulties as learning experiences rather than evidence of failure. These results suggest the power of such an approach to aid advisors, administrators, and students themselves in improving the doctoral student experience.
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